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 ,QWURGXFWLRQ
$7XQQHO%RULQJ0DFKLQH7%0LVW\SLFDOO\XVHGWRGHYHORSURDGZD\DQGXWLOLW\WXQQHOVZLWKD
FLUFXODU FURVV VHFWLRQ WKURXJK D YDULHW\ RI VXE VXUIDFH JURXQG DV DQ DOWHUQDWH WR GULOO DQG EODVW
H[FDYDWLRQPHWKRGV)LJXUH7KHIROORZLQJSDUDJUDSKVGHVFULEH7%0RSHUDWLRQDODVSHFWV WR WKRVH
XQIDPLOLDU VXFK DV LQ WKH FRDO PLQLQJ LQGXVWU\ )RU VRIW VXEVXUIDFH JURXQG FRQGLWLRQV DV RIWHQ
HQFRXQWHUHGLQFRDOPLQHVZLWKXSWREDURIZDWHUSUHVVXUH(DUWK3UHVVXUH%DODQFH(3%7%0VDUH
XVHGGXHWRWKHLUDELOLW\WRKROGXSVRIWJURXQGE\PDLQWDLQLQJDK\GURVWDWLFEDODQFHEHWZHHQHDUWKDQG
SUHVVXUHV VXUURXQGLQJ WKH H[FDYDWLRQ 7KH 7%0 )LJXUH  KDV WZR PDLQ FRPSRQHQWV LH VKLHOG
ZKLFKLVLQGLUHFWFRQWDFWZLWKWKHH[FDYDWLRQIDFHDQGWKHEDFNXSV\VWHP7KHVKLHOGLVHVVHQWLDOO\D
VWHHOVNLQWKDWVHSDUDWHVWKHLQWHULRURIWKH7%0V\VWHPIURPWKHJURXQG7KHEDFNXSUROOLQJV\VWHP
FDUULHVDOOWKHDX[LOLDU\HOHPHQWVWKDWWKH7%0PDFKLQHU\UHTXLUHVIRUFRQWLQXRXVDGYDQFHPHQW
7KH IURQWRI WKHVKLHOGDFFRPPRGDWHVDFXWWHUKHDG WKDWXVHVDFRPELQDWLRQRI WXQJVWHQFDUELGH
FXWWLQJELWVDQGRUKDUGURFNGLVFFXWWHUVZLWKVL]HVRIWRLQFKHVZKLFKH[FDYDWHWKHIDFHDVWKH
FXWWLQJ KHDG URWDWHV DERXW LWV FHQWUDO D[LV 'HSHQGLQJ RQ WKH JURXQG FRQGLWLRQV DGGLWLYHV VXFK DV
EHQWRQLWHSRO\PHUVDQGIRDPDUHLQMHFWHGIURPWKHFXWWHUKHDGWRLQGXFHJURXQGVWDELOLW\DQGVPRRWKHU
H[FDYDWLRQFRQGLWLRQV$QJOR$GYDQFHPHQWRIWKH7%0IDFHLVE\WKHDFWLRQRIWKUXVWF\OLQGHUV
SRVLWLRQHGDWWKHUHDUVHFWLRQRIWKHVKLHOGERG\ZKLFKSUHVVD[LDOO\DJDLQVWWKHWXQQHOOLQHUWRSXVKWKH
FXWWHUKHDG IRUZDUG7KH VKLHOG LVGLYLGHG LQWR IURQWDQG UHDU VKLHOGVHFWLRQVFRQQHFWHGE\K\GUDXOLF
ERG\ IUDPH FRPSRQHQWV WKDW DOORZ IRU DUWLFXODWLRQ$Q HUHFWRU DUP ORFDWHG DW WKH UHDU ERG\ RI WKH
VKLHOGLVXVHGIRULQVWDOODWLRQRIWKHFRQFUHWHWXQQHOOLQLQJVHFWLRQV7KHWXQQHOPXFNSURGXFHGDWWKH
7%0¶VIDFHLVUHPRYHGE\DVFUHZFRQYH\RUWKDWIHHGVRQWRDWUDQVIHUFRQYH\RUEHOWWKDWLQWXUQGXPSV
LWRQWRDQRWKHUFRQYH\RUIRUWUDQVSRUWWRVXUIDFH



)LJ2YHUYLHZRIFRDOPLQH7%0ZLWKH[SORVLRQULVN]RQLQJ
 $SSOLFDWLRQRI7%0LQFRDOPLQHV
7%0V KDYH EHHQ XVHG LQ PLQLQJ UHODWHG SURMHFWV VLQFH WKH V 6XEVXUIDFH JHRORJLFDO ULVNV
W\SLFDOO\GLVWLQJXLVKWKHVHSURMHFWVIURPW\SLFDOFLYLOHQJLQHHULQJDSSOLFDWLRQV7KHUHKDYHEHHQXSWR
7%0SURMHFWVLQPLQLQJZRUOGZLGHYL]&DQDGD=DPELD6RXWK$IULFD86$1RUZD\*HUPDQ\
0H[LFR&KLOH$XVWUDOLD,WDO\&KLQDDQG31*%DVHGRQWKHSDVWPLQLQJH[SHULHQFHVLWZDVQRWHGE\
%UR[  WKDW HYHU\ WXQQHO SURMHFW DQG VLWH ORFDWLRQ LV XQLTXH LQ WHUPV RI JHRORJ\ DFFHVV
WHUUDLQFRYHUH[SHULHQFHRIFDQGLGDWHFRQWUDFWRUVDQGSURMHFWFRPSOHWLRQGHPDQGV
'XULQJWKH¶VDQGµ¶V5REELQV7%0VZHUHXVHGWRDFFHVVFRDOVHDPVLQDQXPEHURIFRDO
PLQHV JOREDOO\ LH 6HOE\ LQ WKH8. WKUHHPLQHV LQ *HUPDQ\ WKH'RQNLQ0RULHQ0LQH XQGHU VHD
DFFHVVLQ&DQDGDDQG:HVWFOLIIPLQHLQ16:$XVWUDOLD7KH:HVW&OLII&ROOLHU\0HQDQG0DWHULDOV
'ULIWKDGPGLDPHWHUDQGZDVPORQJ,WZDVEXLOWLQZLWKDQDYHUDJHDGYDQFHUDWHRI
 PZHHN 'RFXPHQWDWLRQ RI WKHVH FRDO PLQLQJ 7%0 DSSOLFDWLRQV GLG QRW FRQYH\ DQ\ NQRZQ
RFFXUUHQFHRIH[SORVLRQKD]DUGVGXULQJGHYHORSPHQW2WKHUNQRZQDSSOLFDWLRQRI7%0VLQWKHPLQLQJ
LQGXVWU\LVWKHNPORQJ/RV6XOIDWRVH[SORUDWLRQWXQQHORIPGLDPHWHUGHYHORSHGIRU/RV%URQFHV
PLQHDWDQHOHYDWLRQRIP.H\UHDVRQVIRULWVVHOHFWLRQDVDGHYHORSPHQWPHWKRGZHUHIOH[LELOLW\
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WR DFFHVV WKH ZRUNVLWH QDWXUDO UHVWULFWLRQV UHODWHG WR WKH SRUWDO LQVWDOODWLRQV DQG JHRWHFKQLFDO DQG
HQYLURQPHQWDO FRQVLGHUDWLRQV 7KH ILHOG UHYLHZ VKRZHG QR NQRZQ H[SHULHQFHV RI DQ\ PHWKDQH JDV
LQWHUVHFWLRQVGXULQJWKHNPGHYHORSPHQW%HOOHDOWKRXJKDVLJQLILFDQWLQIORZRIZDWHUKDGWR
EHPDQDJHG
6XFFHVV RI 7%0 WHFKQRORJ\ LQ HVWDEOLVKLQJ VXUIDFH FLYLO LQIUDVWUXFWXUH DQG SURYLGLQJ DOWHUQDWH
PHDQV RI UDSLG DFFHVV LQ SRRU JURXQG FRQGLWLRQV UHVXOWHG LQ LWV FRQVLGHUDWLRQ RI LWV DSSOLFDWLRQ DW
*URVYHQRU FRDOPLQH LQ4/' WR HVWDEOLVK WKH FRQYH\RU DQGPHQ DQGPDWHULDO WUDQVSRUW GULIW DFFHVV
URDGZD\IURPWKHVXUIDFH7KHFRQYH\RUGULIWKDVDJUDGLHQWRIZLWKDOHQJWKRIPDQGZKLOH
WKHWUDQVSRUWGULIWLVDPORQJDQGKDVDJUDGLHQW&RQVLGHULQJWKHJHRWHFKQLFDOFKDOOHQJHVWKH
7%0H[FDYDWLRQPHWKRGKDG WRXWLOL]H(3% WHFKQRORJ\ZKLFK LVPORQJDQGRIPGLDPHWHU
)LJXUH)RUWKHILUVWWLPHD7%0UHTXLUHGDGGUHVVLQJVLPXOWDQHRXVO\YHQWLODWLRQJDVDQGFRROLQJ
PDQDJHPHQW HOHPHQWV DQG RWKHU UHODWHG PLQLQJ KD]DUGV 7KH GULIW YHQWLODWLRQ DQG JDV PDQDJHPHQW
V\VWHPVLQYROYHGWKHVXSSO\DQGFRQWURORIDLUXVLQJDQLQWDNHDQGH[KDXVWDLUZD\QHWZRUNWRPDQDJH
KHDOWKDQGVDIHW\ULVNV
$WWKHWLPHRIFRPSOHWLQJWKLVSDSHUWKH7%0KDGILQLVKHGWKHFRQYH\RUGULIW)LJXUHZLWKDWRWDO
RIULQJVRIPOHQJWKDWDGLVWDQFHRIPHWHUVIURPWKHWXQQHORSHQLQJDWWKHVXUIDFH
&XUUHQWO\ WKH7%0LVSODQQHGWREHPRYHGWRFRQVWUXFWWKHSHRSOHDQGPDWHULDOVGULIW LQYROYLQJ
GLVDVVHPEOLQJWKHIURQWVHFWLRQRI WKHPDFKLQHXQGHUJURXQG7KHPDFKLQHZDVWKHQUHWUDFWHGRXW WKH
FRQYH\RUGULIWXVLQJKHDY\OLIWDQGWUDQVSRUWHTXLSPHQWDQGIDFHYHQWLODWLRQPRGLILHGWRIRUFHH[KDXVW
V\VWHPWRPDQDJHWKH*RRQ\HOOD0LGGOH*0VHDPJDVHPLVVLRQV7KLVFRQYH\RUGULIWZDVFRPSOHWHG
RYHUDSHULRGRIPRQWKV'HFWKWRWK0D\
:LWK WKH DPSOH NQRZOHGJH RQPHWKDQH JDV DQG LWVPDQDJHPHQW LQ FRDOPLQHV LW LV D FRPPRQ
SUDFWLFHLQFRDOPLQHVWRFRQWLQXRXVO\PRQLWRUDQGDQWLFLSDWHKD]DUGVWKDWFRXOGUHVXOW LQH[SORVLRQV
$PRQJ YDULRXV YHQWLODWLRQ GHVLJQ IDFWRUV WKLV SDSHUZLOO DWWHPSW WR KLJKOLJKW WKH LGHQWLILFDWLRQ DQG
PDQDJHPHQWRIPHWKDQHDQGRWKHUJDVHV LQ7%0VGXULQJGULIW GHYHORSPHQWDW*URVYHQRU IURPFRDO
PLQHU¶VSHUVSHFWLYH
 &RDOPLQH7%0H[SORVLRQULVNDVVHVVPHQW
&RDO PLQH H[SORVLRQ IDWDOLW\ VWDWLVWLFV ZRUOGZLGH )LJXUH  GHPRQVWUDWH WKH QHHG IRU HWHUQDO
YLJLODQFHWRSUHYHQWPHWKDQHDQGFRDOGXVWH[SORVLRQVUHJDUGOHVVRIWKHOHYHORIJDVHPLVVLRQV3KLOOLSV
7KHPLQHH[SORVLRQULVNVDVVRFLDWHGZLWK7%0XVHZDVUHFRJQL]HGE\WKHPLQLQJWHDPSULRUWR
VWDUW RI WKH*URVYHQRU SURMHFW &RSXU HW DO  FDSWXUHG WKH JDV HPLVVLRQV DQG H[SORVLRQ ULVNV
DVVRFLDWHG ZLWK WXQQHOOLQJ JOREDOO\ 7DEOH  %DVHG RQ SDVW 7%0 SURMHFW VDIHW\ VWDWLVWLFV ZKLFK
UHFRUGHGH[SORVLRQIDWDOLWLHVJDVH[SORVLRQKD]DUGVDUHQRWXQLTXHWRFRDOPLQHV
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
)LJ*OREDO0LQH)LUHVDQG([SORVLRQ6WDWLVWLFVSXEOLFGRPDLQVRXUFHV
7DEOH7%0HQFRXQWHUHGJDVHVDQGH[SORVLRQLQFLGHQWVZRUOGZLGH6RXUFH&RSXUet al.,
7XQQHOW\SH &RXQWU\ <HDU /HQJWKNP 'LDPHWHUP )DWDOLWLHV
/RV$QJHOHV:DWHU 86$    
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:KROHWHDPRIZRUNHUV818QNQRZQ

.H\OHVVRQVIURPWKHSDVWFLYLO7%0SURMHFWH[SHULHQFHV&RSXUHWDO%UR[LQUHODWLRQWR
LJQLWLRQDQGH[SORVLRQPDQDJHPHQWDUH
x $GHTXDWHNQRZOHGJHDQGFDUHIXOHYDOXDWLRQVRIWHFKQLFDODQGQRQWHFKQLFDOLVVXHVVXFKDV
JHRORJ\DFFHVVVXEVXUIDFHFRYHUIDXOW]RQHVDQGVWUXFWXUHVDUHUHTXLUHG
x (QVXULQJ DGHTXDWH EDFNJURXQG LQIRUPDWLRQ RQ JDV HPLVVLRQV IURP VHDPV RU VWUDWD IRU
K\GURFDUERQV
x 1HHGIRUVNLOOHGDQGH[SHULHQFHGPLQLQJHQJLQHHUV
x 8VHRIJDVPHDVXUHPHQWDQGFRQWUROV\VWHPV7KHORFDWLRQDQGFDOLEUDWLRQRIPRQLWRUVDW
VWUDWHJLF ORFDWLRQV LQVLGH 7%0¶V FXWWHU KHDG VKLHOG DQG VHJPHQW HUHFWRU VHFWLRQ ZLWK
DXWRPDWLF7%0VKXWGRZQV\VWHPLQWHUORFNIHDWXUHVLVUHTXLUHG
x ,JQLWLRQSUHYHQWLRQ WHFKQLTXHV VXFKDVJURXWLQJSUHGUDLQDJH IRDP LQMHFWLRQDQG VHDOHG
OLQLQJGXULQJWKHLQWHUVHFWLRQRIJDVV\ZDWHULQÀRZFRQGLWLRQVVKRXOGEHSURYLGHG

6DIHW\ DQG KHDOWK ULVN DVVHVVPHQW LV LQKHUHQW WR FRDO PLQLQJ RSHUDWLRQV LQ $XVWUDOLD DQG LV
HQWUHQFKHGLQWKHORFDOPLQLQJUHJXODWLRQV&RQVLGHULQJWKHGRFXPHQWHGH[SORVLRQULVNVDVVRFLDWHGZLWK
7%0 RSHUDWLRQV WKH ULVN DVVHVVPHQW IRU *URVYHQRU FRDO PLQH LQYROYHG NH\ PHPEHUV RI WKH PLQH
WHFKQLFDODQGSURMHFWWHDP7%0RSHUDWRUFRQWUDFWRUVDQGWKH4XHHQVODQGUHJXODWRU7KHPDMRULW\RI
ULVNHOHPHQWVLGHQWLILHGZHUHLQUHODWLRQWRWKHXVHRIIODPHSURRIHOHFWULFPRWRUVDQGLQWULQVLFDOO\VDIH
,6 HOHFWULF FRPSRQHQWV WR PHHW WKH FRPSOLDQFH UHTXLUHPHQWV DV SHU WKH 4XHHQVODQG &RDO0LQLQJ
+HDOWK DQG 6DIHW\ $FW 4OG &06+$ DQG 5HJXODWLRQV 4OG &06+5 4OG FRGH RI SUDFWLFH IRU
7XQQHOOLQJDQGDOVRWKH$XVWUDOLDQ(OHFWULFDO6WDQGDUGV$NH\KD]DUGLGHQWLILHGGXULQJFRQVLGHUDWLRQ
RIWKH7%0IRUFRDOPLQLQJDSSOLFDWLRQZDVWKHSRWHQWLDOH[SRVXUHWRJDVVHVGXULQJRIWKHWXQQHO
OHQJWKZKHUHWKH³3´VHDPFRDOPHDVXUHVZRXOGEHHQFRXQWHUHGDSSUR[LPDWHO\PDERYHWKHWDUJHW
³*0´VHDPDQGZKHQWKH7%0ZRXOGEHDSSURDFKLQJWKHSLWERWWRP)LJXUHWREHH[FDYDWHGZLWKLQ
WKH *0 VHDP KRUL]RQ7KLV DVVXPSWLRQ ZDV EDVHG RQ WKH LQIRUPDWLRQ DYDLODEOH IURP SUHGULOOHG
H[SORUDWLRQERUHKROHV$VVKRZQLQ)LJXUHGXHWRWKHSUHVHQFHRIWKHZDWHUGDPRQWKHVXUIDFHQR
JDV H[SORUDWLRQ KROHV FRXOG EH GULOOHG WR D GHSWK EHWZHHQ P DQG P +RZHYHU LW ZDV
HVWDEOLVKHGWKDWWKH3VHDPIROORZVRYHUWKH7%0GULIWKRUL]RQWRZDUGVWKHVXUIDFHZLWKPHWKDQHJDV
DQWLFLSDWHGGXULQJWKHGULIWGHYHORSPHQW
7KH 7%0 ULVN DVVHVVPHQW RXWFRPH HQVXUHG WKDW WKH 7%0 LQFRUSRUDWHG UHOHYDQW JDVPRQLWRULQJ
V\VWHPVVKLHOGDUHDFXWWHUFKDPEHUDQGVFUHZFRQYH\RUGLVFKDUJH³VWXIILQJER[´DVVHPEO\DUHDZLWK
DXWRPDWLF VKXWGRZQ LQWHUORFN IHDWXUH VKRXOG PHWKDQH GHWHFWHG LQ DQ\ RI WKHVH 7%0 VHFWLRQV ,Q
DGGLWLRQWKHVHPHDVXUHVLQFRUSRUDWHGWKH1(5=(5=UHTXLUHPHQWVDVOHJLVODWHGLQWKH4/'&RDO0LQH
6DIHW\DQG+HDOWK$FW&06+$DQG5HJXODWLRQV&06+5

19 B. Belle and A. Foulstone /  Procedia Earth and Planetary Science  11 ( 2015 )  15 – 28 


)LJ*HRORJLFDOORQJVHFWLRQSURILOHDORQJWKHFRQYH\RU7%0GULIW
 7%0YHQWLODWLRQDQGFRROLQJV\VWHP
8QOLNHWKHWUDGLWLRQDOFRQWLQXRXVPLQHURUURDGKHDGHUPDFKLQHVLQDFRDOIDFHWKH7%0IDFHDUHD
DWWKHIURQWRIWKHPDFKLQHLVVHDOHGDQGSRWHQWLDOO\FRXOGFRQWDLQDJDVPL[WKDWPD\EHOLEHUDWHGIURP
WKHIDFHDUHDLQWKHVHDOHGFKDPEHUDUHD7KH(3%FKDPEHUDQGVFUHZFRQYH\RUVHFWLRQDUHSUHVVXULVHG
GXULQJ H[FDYDWLRQ DFWLYLWLHV 7KH 7%0 H[KDXVW YHQWLODWLRQ GHVLJQ FRQVLVWHG RI P GLDPHWHU VWHHO
GXFWFRQWLQXRXVO\DGYDQFHGXVLQJDXWRPDWHGFRQWUROVEHKLQGWKH7%07KHGXFWLQJZDVFRQQHFWHGWRD
N:VXUIDFHFHQWULIXJDOIDQ7KHIDQZRXOG LQGXFHDGHTXDWHDLU IORZWR WKHIDFHDQGWXQQHO7KH
H[KDXVWYHQWLODWLRQ V\VWHP LQFOXGHG DPHWKDQH VHQVRU WRPRQLWRU WKHJDV OHYHOV DV LQ D W\SLFDOPLQH
VKDIWV\VWHP7KHVWHHOGXFWZDVFRQQHFWHGWRDULEEHGIOH[LEOHGXFWLQJVHFWLRQWRPDLQWDLQDPD[LPXP
GUDZRIIGLVWDQFHRIPIURPWKHIDFHGXULQJWKHFXWWLQJF\FOH7KHGXFWLQJZDVSRVLWLRQHGLQVXFKD
ZD\ WKDW DQ\ JDV SUHVHQW QHDU WKH VFUHZ FRQYH\RU RU LQE\H WKH 7%0 DUHD ZRXOG EH UHPRYHG
FRQWLQXRXVO\IURPWKHIDFHDUHD)LJXUHVKRZVWKHW\SLFDOYHQWLODWLRQFLUFXLWDQGWKHSUHVVXUHTXDQWLW\
VXUYH\UHVXOWVWREHLQFRPSOLDQFHZLWKWKH4OG&0+DQG6UHJXODWLRQV660F.HZ
)LJXUH  VKRZV WKH 7%0 URDGZD\ WHPSHUDWXUH SURILOH DW WKH UHDU RI WKH 7%0 DUHD EHKLQG WKH
JDQWU\RIWKH7%0LHPIURPWKHIDFH2QHRIWKHREVHUYDWLRQVPDGHIURPWKHPHDVXUHGGDWD
LVWKDWWKHUHLVDFRQVLVWHQW:HW%XOE7HPSHUDWXUH:%7GLIIHUHQFHEHWZHHQGD\DQGQLJKW,WLVDOVR
QRWLFHGWKDWWKHPHDVXUHG:%7GXULQJQLJKWVKLIWLVKLJKHUWKDQWKHGD\VKLIW:%77KLVLPSOLHVVRPH
W\SHRIGDWD LQDFFXUDF\DQGSRLQWV WR WKHQHHG IRURWKHUXQELDVHGFRQWLQXRXV UHDOWLPHYHORFLW\ DQG
WHPSHUDWXUHPRQLWRUVIRUXQGHUJURXQGXVH%HOOH
,Q DGGLWLRQ WR 7%0 KHDW ORDG VWHHS JHRWKHUPDO JUDGLHQW DQG YHU\ KLJK VXUIDFH DPELHQW DLU
WHPSHUDWXUHV&:%7DQG&'%7LQWKH%RZHQ%DVLQ%HOOHDQG%LIILUHTXLUHGWKHQHHG
IRUVXSSO\LQJFRROHGDLUGXULQJWKH7%0GHYHORSPHQWWRPDQDJHWKHWKHUPDOVWUHVV7KLVZDVDFKLHYHG
E\DPRELOHVXUIDFH%XON$LU&RROHU%$&GXFWLQJDW WKHGULIWHQWUDQFHZLWKDFDSDFLW\RIWR
PVRIFRROHGDLUVXSSOLHGDW&)LJXUH
&RQYH\RU7%0'ULIW
3VHDP
*0VHDP
:DWHUGDP
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
)LJ7%00RQWKO\YHQWLODWLRQVXUYH\UHVXOWV0F.HZ



)LJ8VHRI%$&DWVXUIDFHFRQYH\RUGULIWRQWHPSHUDWXUHSURILOHLQWKH7%0WXQQHO



)LJ&RPSOHWHGFRQYH\RUGULIWGHYHORSPHQWDW*URVYHQRUFRDOPLQH
 7%0PHWKDQHH[SORVLRQULVNFRQWUROVRSHUDWLRQDOH[SHULHQFHV
,Q  WKH 4XHHQVODQG OHJLVODWLRQ IRUPDOLVHG WKH QHHG IRU ([SORVLRQ 5LVN =RQHV (5= LQ
XQGHUJURXQGPLQHV WKDWZRXOG DOORZ IRUJUHDWHU IOH[LELOLW\ DQGFRQWLQXRXVPHWKDQHPRQLWRULQJZLWK
DODUPVDQGUHOHYDQWHOHFWULFDOSRZHUWULSLQWHUORFNVZLWKWKHHTXLSPHQW6HFWLRQUHTXLUHVWKH6LWH
6HQLRU([HFXWLYH66(WRHQVXUHWKDWDULVNDVVHVVPHQWLVFDUULHGRXWWRLGHQWLI\WKHORFDWLRQDQGW\SH
RI HDFK(5= DW WKHPLQH 7KH ]RQLQJ LV ULVN EDVHG FRQVLGHULQJPLQLQJ DFWLYLWLHV DEVROXWH OHYHOV RI
PHWKDQHLQWKHJHQHUDOERG\*%DQGLQFOXGLQJIRUHVHHDEOHHYHQWVDQGIDLOXUHPRGHV7KHULVN]RQHV
([KDXVWGXFW
$LUFRROLQJGXFW
&RQYH\RU
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PD\EHFODVVLILHGDVRQHRI(5=(5=DQG1HJOLJLEOH([SORVLRQ5LVN=RQH1(5=6HFWLRQRI
WKH4OG UHJXODWLRQGHILQHV(5=DV DQXQGHUJURXQGPLQH RU DQ\ SDUW RI LWZKHUH WKHJHQHUDO ERG\
FRQFHQWUDWLRQRIPHWKDQH LVNQRZQ WREHRUDV LGHQWLILHGE\D ULVNDVVHVVPHQW LV OLNHO\ WREHJUHDWHU
WKDQ7RDYRLGDQ\GRXEWLWLVGHFODUHGWKDWLIWKHJHQHUDOERG\FRQFHQWUDWLRQRIPHWKDQHLQDSDUW
RI WKHPLQH WKDW LV GHILQHG DV(5=RU1(5=EHFRPHV JUHDWHU WKDQ WKHQ WKDW SDUW EHFRPHV DQ
(5=
6HFWLRQRIWKH4XHHQVODQGUHJXODWLRQGHILQHV(5=DVDQXQGHUJURXQGPLQHRUDQ\SDUWRILW
ZKHUHWKHJHQHUDOERG\FRQFHQWUDWLRQRIPHWKDQHLVNQRZQWRUDQJHRULVVKRZQE\DULVNDVVHVVPHQWDV
OLNHO\WRUDQJHIURPWR,QDGGLWLRQ6HFWLRQGHILQHVHDFKRIWKHIROORZLQJSODFHVLVDQ
(5=
D DZRUNSODFHZKHUHFRDORURWKHUPDWHULDOLVEHLQJPLQHGRWKHUWKDQE\EUXVKLQJLQDQRXWE\H
ORFDWLRQ
E D SODFH ZKHUH WKH YHQWLODWLRQ GRHV QRW PHHW WKH UHTXLUHPHQWV IRU YHQWLODWLRQ PHQWLRQHG LQ
VHFWLRQRU
F DSODFHZKHUHFRQQHFWLRQVRUUHSDLUVWRDPHWKDQHGUDLQDJHSLSHOLQHDUHEHLQJFDUULHGRXW
G D SODFH ZKHUH KROHV DUH EHLQJ GULOOHG XQGHUJURXQG LQ WKH FRDO VHDP RU DGMDFHQW VWUDWD IRU
H[SORUDWLRQRUVHDPGUDLQDJH
H D SODFH LQ D SDQHO RWKHU WKDQ D ORQJZDOO SDQHO WKDW LV EHLQJ H[WUDFWHG LQE\H WKH SDQHO¶V ODVW
FRPSOHWHGFXWWKURXJK
I DJRDIDUHD
J HDFKSODFHRQWKHUHWXUQDLUVLGHRIDSODFHPHQWLRQHGLQSDUDJUDSKVDWRIXQOHVVWKHSODFH
LVDQ(5=XQGHUVHFWLRQ
K WKHSDUWRIDVLQJOHHQWU\GULYHZLWKH[KDXVWYHQWLODWLRQLQE\HWKHODVWIL[HGYHQWLODWLRQGXFWLQJ
LQWKHGULYH
6HFWLRQRIWKH4XHHQVODQGUHJXODWLRQGHILQHVQHJOLJLEOHH[SORVLRQULVN]RQH1(5=DVDQ
XQGHUJURXQGPLQHRUDQ\SDUWRILWZKHUHWKHJHQHUDOERG\FRQFHQWUDWLRQRIPHWKDQHLVNQRZQWREHRU
LVLGHQWLILHGE\DULVNDVVHVVPHQWDVOLNHO\WREHOHVVWKDQ$VLQDOOFRDOPLQHVWKH7%0ZRUN
DUHDUHTXLUHVH[SORVLRQULVN]RQLQJ(5=DQGLVVKRZQEHORZLQ)LJXUHVDQG


)LJ*DVPRQLWRULQJVWDWLRQVRQWKH7%0IDFHDUHD
7KHSULQFLSDOPHWKRGRIJDVFRQWUROIURPULEHPLVVLRQVGXULQJ7%0GHYHORSPHQWLVWKHFRQWLQXHG
DSSOLFDWLRQ RI SUHFDVW FRQFUHWH OLQLQJV LQVWDOOHG DURXQG WKH H[FDYDWLRQ¶V SHULPHWHUZLWKLQ WKH VKLHOG
EXWEHKLQGWKHEXONKHDGDVWKH7%0DGYDQFHV$QRWKHUJDVFRQWUROPHDVXUHZDVSURYLGHGE\WKHXVH
RI WKH DX[LOLDU\ IDFH YHQWLODWLRQ GHVFULEHG DERYH 7KH FRQFUHWH OLQLQJ LV IXOO\ JURXWHG DV WKH VKLHOG
DGYDQFHVVHDOLQJWKHSHULPHWHURI WKHH[FDYDWLRQIURPJDVRUZDWHU LQJUHVV7KHVHFWLRQEHWZHHQWKH
EXONKHDG DQG FXWWLQJ IDFH >FXWWLQJ FKDPEHU@ W\SLFDOO\ LV DQ DUHD ZKHUH JDV OLEHUDWHG IURP WKH
VXUURXQGLQJVWUDWDLVH[SHFWHGWREHSUHVHQW'XULQJ(3%FRQWUROOHGGHYHORSPHQWWKH7%0PDFKLQHLV
RSHUDWHG LQ ³FORVHG´PRGHZKHUH WKH7%0IDFH DUHD LV VHDOHG IURP WKHJHQHUDO WXQQHO HQYLURQPHQW
ZLWKVWHHOEUXVKHVSDFNHGZLWKILEURXVJUHDVHDQGSUHVVXUL]HGZLWKDFRPELQDWLRQRIIRDPLQJDJHQWV
GULOOLQJPXGV DQG ZDWHU &ORVHGPRGH RSHUDWLRQ LV SULQFLSDOO\ GHVLJQHG WR FRQWURO JURXQG SUHVVXUH
DFWLQJWRFROODSVHWKHVLGHZDOOVRIWKHH[FDYDWLRQEXWDOVRLVRODWHVDQ\UHVXOWDQWJDVIURPWKHJHQHUDO
ERG\
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2QHRIWKHSRVLWLYHDWWULEXWHVRIFRDOPLQLQJDQGZHOIDUHRILWVZRUNHUVLVWKHFRQVWDQWYLJLODQFHLQ
LGHQWLI\LQJWKHKHDOWKDQGVDIHW\KD]DUGV WKURXJKFRQWLQXRXVDQGUHJXODUPRQLWRULQJDQG LQVSHFWLRQV
7KHUH ZHUH D QXPEHU RI RSHUDWLRQDO H[SHULHQFHV UHODWHG WR LGHQWLI\LQJ WKH PHWKDQH KD]DUG DQG LWV
PDQDJHPHQWWKDWZHUHSUHYLRXVO\QRWZHOOXQGHUVWRRGRUGRFXPHQWHGLQWKH7%0DSSOLFDWLRQVLQFLYLO
RUPLQLQJSURMHFWV7KHJDVPRQLWRULQJV\VWHPWKDWZDVLPSOHPHQWHGZKLOHWKH7%0ZDVFXWWLQJWKH
VWRQH VWUDWD ZDV FRPSOHPHQWHG ZLWK GHSXW\¶V KDQG KHOG PXOWLJDV GHWHFWRUV D UHJXODU EDJ VDPSOH
UHJLPHDQGWKHUHDOWLPHJDVVHQVRUVSUHVHQWDWWKHIDFHDUHDDQGDWWKHVFUHZFRQYH\RUGXFWH[LW7KH
&DUERQ0RQR[LGH&2OLPLWDWFRQYH\RUZDVVHWDWSSPDODUPDQGSSPSRZHUWULS
$VQRUPDOO\GRQHLQFRDOPLQHVEDJVDPSOHVFROOHFWHGIURPWKH7%0DUHDZHUHDQDO\]HGXVLQJWKH
*DV&KURPDWRJUDSK *&DW DQHDUE\RSHUDWLQJFRDOPLQH7KHHDUO\EDJ VDPSOH UHVXOWV IURP7%0
VDPSOHVVKRZHGWKDWK\GURJHQZDVJHQHUDOO\SUHVHQWLQFRQFHQWUDWLRQVDURXQGSSPHYHQZKHQ
&2DQGHWK\OHQHZHUHQHJOLJLEOH%DVHGRQFRDOPLQLQJH[SHULHQFH WKHUHZDVQRUHDVRQIRUFRQFHUQ
LQLWLDOO\VLQFHWKHUHJXODUSUHVHQFHRIK\GURJHQ&2DQGHWK\OHQHLQGLFDWHDQ\VSRQWDQHRXVFRPEXVWLRQ
RIFDUERQDFHRXVPDWHULDO LQ WKHVWUDWD$VSDUWRI WKH URXWLQHEDJVDPSOLQJDQGDQDO\VHVWK0DUFK
HOHYDWHGOHYHOVRI&2&2K\GURJHQDQGHWK\OHQHLQDEQRUPDOSURSRUWLRQVZHUHHQFRXQWHUHG
ZKLOH WKH7%0ZDVFXWWLQJ LQ WKHVWRQH]RQHaPIURPWKHVXUIDFH ,QLWLDOO\ WKHPHDVXUHGJDV
OHYHOVZHUHUHDVRQHGWRUHVXOWIURPWKHSUHVHQFHRIDUDQJHRIJUHDVHVXVHGWRSRVLWLYHO\SUHVVXUL]HWKH
FXWWHUEHDULQJVRIWKH7%07KHEDJVDPSOHVFROOHFWHGDWWKHIDFHDUHDDQGVFUHZFRQYH\RULQGLFDWHG
WKDW&+ZDV IRXQG LQ WKHIDFHDUHD DQGYHU\ ORZOHYHOVRIPHWKDQHaZHUHGHWHFWHG
ZKHUHIDFHPXFNUHPRYDOE\WKHVFUHZFRQYH\RUDWWKHVQXIILQJER[6LPLODUO\WKHOHYHOVPHDVXUHGDW
WKHH[KDXVWIDQRQWKHVXUIDFHZHUHaWRLQPVRIDLULHOVRIPHWKDQH,QRUGHU
WREHWWHUXQGHUVWDQGWKHSKHQRPHQDDEDJVDPSOHVWUDWHJ\ZDVLPSOHPHQWHGWRFROOHFWVDPSOHVDWDP
DQGSPHDFKGD\ZLWKUHVXOWVLQUHODWLRQWRWKH7%0DGYDQFHUDWHDQGLWVORFDWLRQVKRZQLQ)LJXUHV
DQG


)LJ0HDVXUHGPHWKDQHOHYHOVLQEDJVDPSOHVIURPWKH7%0VKLHOGDUHD

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

)LJ0HDVXUHGVSRQFRPLQGLFDWRUJDVHVLQEDJVDPSOHVIURPWKH7%0VKLHOGDUHD

$QLPPHGLDWHLQYHVWLJDWLRQZDVLQLWLDWHGXSRQGHWHFWLQJHOHYDWHGOHYHOVRIPHWKDQHDQGRWKHU
JDVHVIURPEDJVDPSOHV$VSDUWRIWKHLQYHVWLJDWLRQWKH7%0ZDVVWRSSHGIRUYLVXDOREVHUYDWLRQVRI
WKHVKLHOGIDFHDUHD6HL]HGFXWWHUKHDGGLVFVZHUHIRXQGFRQWULEXWLQJWRKHDWJHQHUDWLRQDQGUHVXOWLQJ
LQLQFUHDVHGWHPSHUDWXUHWKDWUHVXOWHGLQDGGLWLRQDOJUHDVHXVDJH)LJXUH




)LJ7\SLFDOFRDOOHQVHV/HIWDQGFXWWLQJIDFHULJKWRID7%0ZLWKVSHFVRIFRDO

%DVHG RQ WKH JDV GHWHFWLRQ DQG HOLPLQDWLRQ SURFHVV LW ZDV FRQFOXGHG WKDW WKHUH DUH WZR
VHSDUDWH DQG GLVWLQFW JDV VRXUFHV RFFXUULQJ DW WKH 7%0 IDFH DUHD LH PHWKDQH UHOHDVH IURP
FDUERQDFHRXV URFNV DQG RWKHU K\GURFDUERQV VXVSHFWHG WR EH HPDQDWLQJ IURP K\GURFDUERQ EDVHG
FKHPLFDOVXVHGLQWKHURFNFXWWLQJDQGVXSSRUWSURFHVVLQWKH7%0IDFHDUHDHQFORVXUH
:LWKWKHLQWURGXFWLRQRIWKHEDJVDPSOHUHJLPHGDWDDQGILHOGREVHUYDWLRQVWKHIROORZLQJPHWKDQH
DQGK\GURFDUERQPDQDJHPHQWFRQWUROVZHUHDWWHPSWHG
x $PL[LQJEDUZDVILWWHGWRWKHFXWWHUKHDGWRFUHDWHDWXUEXOHQWDLUIORZZLWKLQWKHFXWWHUFKDPEHUWR
DVVLVWLQJDVPL[LQJDQGSURPSWGLOXWLRQDQGWRSUHYHQWUHJULQGLQJLQRUGHUWRUHGXFHWKHKHDWDQG
SURGXFWLRQRIK\GURFDUERQV,QRUGHUWRPDQDJHWKHULVNDWWKHHQFORVHGIDFHZKHUHDSRVVLEOHOD\HU
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RI PHWKDQH   PD\ EH SUHVHQW SRVLWLYH YHQWLODWLRQ ZDV VHHQ DV D FRQWURO +RZHYHU WKH
DSSOLFDWLRQRISRVLWLYHYHQWLODWLRQRIWKHFXWWHUKHDGZDVQRWSRVVLEOHGXHWRWKHVHDOHGHQFORVXUH
KHDGDQGRWKHURSHUDWLRQDO ULVN DVVHVVPHQW RXWFRPHV$ VDPSOHKRVH DW WKHEXONKHDGDUHDZDV
LQWURGXFHGWREOHHGDLULQDQDWWHPSWWRUHGXFHWKHPHWKDQHOD\HULQJ)LJXUH




)LJ0HWKDQHVDPSOLQJEOHHGKRVHOHIWEHKLQGWKHFXWWHUEXONKHDGULJKW
x ,Q RUGHU WR HOLPLQDWH WKH SUHVHQFH RI YRLGV LQVLGH WKH 7%0¶V SUHVVXUL]HG FXWWLQJ FKDPEHU WKH
TXDQWLW\ RI WKH LQMHFWHG EHQWRQLWH DQG IRDP PL[WXUH ZDV LQFUHDVHG 7KLV FRQWURO UHVXOWHG LQ
LQFUHDVHG PXFN WHPSHUDWXUH $OWHUQDWLYHO\ EHQWRQLWH XVH ZDV UHGXFHG DQG IRDP TXDQWLW\ ZDV
LQFUHDVHG WR UHGXFH WKH RSHUDWLQJ WHPSHUDWXUH )LJXUH  $W WKLV VWDJH LW ZDV QRWHG WKDW WKH
FXWWLQJVWUDWDZDVDPL[WXUHRIKDUGDQGVRIWOD\HUVLQWHUVSHUVHGZLWKFDUERQDFHRXVSRFNHWV


)LJ,QIOXHQFHRIPXFNWHPSHUDWXUHDQGQLWURJHQLQMHFWLRQWR7%0VKLHOGDUHD
x &RQVLGHULQJWKHSUHVHQFHRIRWKHUK\GURFDUERQVWKHWKUXVWSUHVVXUHDQGFXWWLQJUDWHZHUHUHGXFHG
WRPLQLPL]HWKHPXFNRSHUDWLQJWHPSHUDWXUHLQFRQMXQFWLRQZLWKWKHLQWURGXFWLRQRIDPXFNKHDW
7ULJJHU$FWLRQ5HVSRQVH3ODQ7$53ZLWKDGGLWLRQDOIRDPIOXLGPL[5HGXFHGWKUXVWSUHVVXUHRI
WKH(3%7%0DQGLPSOHPHQWDWLRQRIPXFNKHDW7$53WR&IXUWKHUUHGXFHGWKHJHQHUDWLRQRI
K\GURFDUERQSURGXFWV
x /DVWO\ DV XVHG LQ FRDO PLQH VSRQWDQHRXV FRPEXVWLRQPDQDJHPHQW DQG JRDI VHDO PDQDJHPHQW
FRQWLQXRXVORZWHPSHUDWXUHHQDEOHG)OR[DOQLWURJHQWREHLQWURGXFHGLQVWHDGRIFRPSUHVVHGDLUIRU
WKHJHQHUDWLRQRIIRDPGHVLJQHGWRPLQLPLVHYRLGFUHDWLRQ7KLVUHVXOWHGLQWKHJHQHUDWLRQRIDQ
LQHUWDWPRVSKHUHLQWKHIDFHDUHDDQGUHGXFHGKHDWJHQHUDWLRQWKDWRWKHUZLVHZRXOGKDYHVWLPXODWHG
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K\GURFDUERQJHQHUDWLRQ
)LJXUHVDQGVKRZVWKHLQIOXHQFHRILQMHFWLQJRIQLWURJHQWKURXJKWKHH[LVWLQJin-situ%HQWRQLWH
OLQHGLUHFWO\LQWRWKHFXWWHUFKDPEHUWRFUHDWHDQLQHUWDWPRVSKHUH3XUJLQJRIWKHFXWWHUFKDPEHUZDV
LQWURGXFHGDIWHUFXWWHULQVSHFWLRQVWRHQVXUHDQLQHUWDWPRVSKHUHLVSURYLGHGSULRUWRURWDWLQJWKHFXWWHU
KHDG$IWHUWKHLQWURGXFWLRQRIQLWURJHQWKHPHWKDQHJDVIURPWKHFDUERQDFHRXVPDWHULDOSUHVHQWLQWKH
(3%7%0 IDFH DUHD EHKDYHG DV DQ LQHUW EOHQG DV RSSRVHG WR DQ H[SORVLYH RQH 7KLV UHVXOWHG LQ D
GHFUHDVHLQWKHPDJQLWXGHRIKD]DUGRXVJDVVSLNHVZLWKRXWDIIHFWLQJWKHJHQHUDWLRQRIWKHVSRQWDQHRXV
FRPEXVWLRQLQGLFDWRUJDVHV,WZDVVSHFXODWHGWKDWWKHPHWKDQHLVPRVWOLNHO\WRKDYHFRPHIURPVWUDWD
DOWKRXJKFRDOVHDPZDVQRWLQWHUVHFWHG2WKHUEHQHILWVRILQMHFWLQJQLWURJHQJDVDWORZWHPSHUDWXUHZDV
WKHUHGXFWLRQRIWKHRYHUDOOPXFNWHPSHUDWXUHVWREHORZ&ZKLFKRWKHUZLVHZRXOGKDYHUHVXOWHGLQ
PRUHFDUERQPRQR[LGHEHLQJJHQHUDWHGDQGRWKHUFKHPLFDORGRXUVEHLQJGHWHFWHG%DVHGRQWKHUHVXOWV
LQVXPPDU\LWZDVQRWHGWKDWWKHOLNHO\VRXUFHRIFDUERQPRQR[LGHDQGHWK\OHQHLVGLIIHUHQWIURPWKDW
SURGXFLQJK\GURJHQ7KHSUHVHQFHRIKLJKOHYHOVRIK\GURJHQLGHQWLILHGLQLWLDOO\DWWKHVWDUWRIWKHGULIW
FRXOGQRWEHH[SODLQHG


)LJ,QIOXHQFHRI)OR[DOQLWURJHQWR7%0VKLHOGDUHDWRFUHDWHLQHUWDWPRVSKHUH



)LJ&RZDUGVWULDQJOHDQG(OOLFRWW¶VGLDJUDPLQGLFDWLQJ7%0IDFHLQHUWDWPRVSKHUH
$VQRWHGIURP)LJXUHZKHQWKH7%0DSSURDFKHGWKH*0VHDPWKHJDVOHYHOVDWWKHIDFHDUHD
LQFUHDVHGGXHWRWKHIRUPDWLRQRIDJDVVLQN,QDGGLWLRQZLWKWKHUHWUDFWLRQRIWKH7%0IDFHDUHDDQG
GXHWRWKHEXR\DQF\HIIHFWRIWKHJDVLQWKH7%0GHFOLQHWKHYHQWLODWLRQV\VWHPKDGWREHDOWHUHGZLWK
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D IRUFH GXFWLQJ WR SURYLGH DGHTXDWH GLOXWLRQ DQG HOLPLQDWH WKH IRUPDWLRQ RI H[SORVLYH JDVPL[WXUHV
$OWKRXJKKLJKJDVOHYHOVZHUHREVHUYHGDWWKH7%0(3%FKDPEHUDUHDWKHKLJKHVWPHDVXUHGJDVOHYHO
IURP WKH VXUIDFH IDQ ZDV  RI PHWKDQH :KLOH WKHUH PD\ EH PXOWLWXGHV RI UDWLRV WKDW ZRXOG
LQGLFDWHFRDOKHDWLQJDVLPSOH&22GHILFLHQF\UDWLRRIRIWKHEDJVDPSOHUHVXOWVGLVSURYHG
DQ\H[LVWHQFHRULQLWLDWLRQRIFRDOKHDWLQJFRQWULEXWLQJWRWKHPHDVXUHGVSRQFRPLQGLFDWRUJDVHV
 /DERUDWRU\LQYHVWLJDWLRQV2I7%0IOXLGVIRUPHWKDQHVRXUFHV
%DVHGRQWKHPHDVXUHGJDV OHYHOVREWDLQHGIURPWKHEDJVDPSOHV WDNHQDW WKH7%0IDFHDUHD LW
ZDV GHFLGHG WR LGHQWLI\ WKURXJK ODERUDWRU\ PHDQV ZKHWKHU K\GURJHQ HWK\OHQH FDUERQ PRQR[LGH
HWKDQHDQGPHWKDQHDUHOLEHUDWHGIURPWKHKHDWLQJRIFKHPLFDOIOXLGVXVHGLQWKHRSHUDWLRQRIWKH(3%
7%0 )XUWKHUPRUH DIWHU WKH LPSOHPHQWDWLRQ RI QLWURJHQ LQHUWLVDWLRQ DV SDUW RI WKH H[SORVLRQ ULVN
PDQDJHPHQWSURFHVVODERUDWRU\WHVWLQJZDVFDUULHGRXWWRGLVWLQJXLVKEHWZHHQR[LGDWLRQDQGWKHUPDO
GHJUDGDWLRQRISURGXFWVXVHGLQWKH7%07KHILYHVDPSOHVVXEPLWWHGIRUWHVWLQJZHUHIRDPSRO\PHU
IRDPDGGLWLYHJUHDVHVHDOHGEHDULQJRLODQGZHDULQGLFDWRURLO/DERUDWRU\WHVWLQJRQWKHILYHVDPSOHV
ZDVFRQGXFWHGDW6,07$56E\KHDWLQJHDFKRIWKHVDPSOHVH[FHSWIRDPLQFUHPHQWDOO\XSWRDWOHDVW
& LQ ERWKQLWURJHQ DQGQRUPDO DLU IORZ %UDG\ 2XW RI WKH ILYH VDPSOHV WHVWHG WKHPRVW
OLNHO\ SURGXFW FRQWULEXWLQJ WR WKH HOHYDWHG K\GURJHQ LV WKH IRDP $OWKRXJK QRW DV KLJK DV WKRVH
PHDVXUHGLQVDPSOHVFROOHFWHGIURPWKH7%0VLPLODUFRQFHQWUDWLRQVZHUHPHDVXUHGLQVDPSOHVIURP
ERWK QLWURJHQ DQG DLU WHVWV XS WR a&0RVW RI WKH RWKHU SURGXFWV WHVWHG ZRXOG SURGXFH FDUERQ
PRQR[LGHDQGHWK\OHQH LIKHDWHGDERYH&DFFRXQWLQJ IRU VSLNHVRI WKHVHFRPSRQHQWVDWYDULRXV
WLPHV )LJXUH D WR H VKRZV WKH JHQHUDWHG JDV OHYHO GDWD IURP FKHPLFDO SURGXFWV XVHG LQ 7%0
VKLHOGDUHDDORQJZLWKWKHVSRQWDQHRXVFRPEXVWLRQLQGLFDWRUJDVHVRIIRXU*URVYHQRUFRDOVDPSOHVLH
FDUERQPRQR[LGH K\GURJHQ HWK\OHQHPHWKDQH DQG HWKDQH 7KH UHVXOWV LQGLFDWH WKDW DW WKH YDULRXV
WHPSHUDWXUHFRQGLWLRQVRIWKHPXFNLQWKH7%0IDFHDUHDWKHPHDVXUHGJDVOHYHOVLQWKHIDFHDUHDRI
WKH7%0DUHQRWDVWKHUHVXOWRIVSRQWDQHRXVFRPEXVWLRQDFWLYLW\RIDQ\FDUERQDFHRXVVWUDWDPDWHULDO
6LPLODUO\IURPWKHODERUDWRU\WHVWUHVXOWVRIKHDWLQJLQGLYLGXDOFKHPLFDOFRPSRQHQWVXVHGLQWKH
7%0LWZDVFRQFOXGHGWKDWLWLVXQOLNHO\WKHPHWKDQHPHDVXUHGLQWKH7%0VDPSOHVFDPHIURPDQ\RI
WKHSURGXFWVDQDO\VHG7KHPHDVXUHGYDOXHRILQJUHDVHDSSHDUVWREHDQDQRPDO\DVLWZDVWKH
RQO\PHDVXUHGPHWKDQHDWYDULRXVWHPSHUDWXUHFRQGLWLRQV)LJXUHG7KHODERUDWRU\WHVWUHVXOWVRI
JHQHUDWHG JDVHV KDYH LQGLFDWHG WKDW K\GURJHQ HWK\OHQH FDUERQ PRQR[LGH DQG HWKDQH JDVHV DUH
JHQHUDWHGHYHQZKLOHEHLQJSXUJHGZLWKQLWURJHQZLWKQRWLFHDEOHRGRXUVJHQHUDWHGZKHQKHDWHGDERYH
&7KHVHRGRXUVZHUHQRWLFHGE\WKH7%0RSHUDWRUVGXULQJWKH7%0FRQYH\RUGULIWGHYHORSPHQW
$PRQJVW WKH ILYH FKHPLFDOV WHVWHG WKH JUHDVHZDV IRXQG WR EH WKH SULPDU\ FRQWULEXWRU WRZDUGV WKH
VLJQLILFDQWYROXPHVRIK\GURJHQHWK\OHQHDQG&2DWKLJKHUWHPSHUDWXUHV+RZHYHULWLVLPSRUWDQWWR
QRWHWKDWDQ\LQWHUDFWLRQHIIHFWVRIWKHVHFKHPLFDOVWKDWPD\KDYHUHVXOWHGLQWKHJHQHUDWLRQRIPHWKDQH
RU RWKHU JDVHV ZDV QRW VWXGLHG DQG FDQQRW EH GLVFRXQWHG DW WKLV VWDJH $PRQJVW WKH RWKHU JDVHV
UHFRUGHG WKH UHDVRQV EHKLQG WKH VLJQLILFDQWO\ KLJKHUPHDVXUHG OHYHOV RI K\GURJHQ SULRU WR QLWURJHQ
LQMHFWLRQDQGWHPSHUDWXUHFRQWURORIWKHPXFNLQWKH7%0IDFHDUHDZHUHQRWFOHDU7KHUHIRUH LWKDV
EHHQ SODQQHG WR LQWURGXFH WKH EDJ VDPSOH UHJLPH IURP WKH EHJLQQLQJ RI WKHPHQ DQGPDWHULDO GULIW
GHYHORSPHQW:KLOHFRQWLQXRXVQLWURJHQ LQMHFWLRQKDVGHILQLWHO\DVVLVWHG WKH WHPSHUDWXUHFRQWURODQG
PDLQWDLQLQJ LQHUWPL[WXUHRI WKHH[SORVLYHJDV )LJXUH LWKDGPLQLPL]HG WKHFKDQFHRIPHWKDQH
LJQLWLRQLQWKH7%0IDFHDUHD

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



)LJ&RPSDULVRQRIJHQHUDWLRQRIJDVHVIURPFKHPLFDOVXVHGLQ7%0IDFHDUHD+\GURJHQWRSOHIWD(WK\OHQHWRSULJKW
E&2PLGGOH/HIWFPHWKDQHPLGGOHULJKWGDQGHWKDQHERWWRPHDWYDULRXVWHPSHUDWXUHV
 &RQFOXVLRQVDQGZD\IRUZDUGJOREDO7%0DSSOLFDWLRQ
7KHDSSOLFDWLRQRIWKH(3%7%0LQWKHGHYHORSPHQWRIWKHFRQYH\RUGULIWPLQOHQJWKZDV
VDIHO\ FRPSOHWHG ZLWK VXFFHVV ZLWK VLJQLILFDQW OHDUQLQJV LQ WKH PHWKDQH DQG RWKHU KD]DUGRXV JDV
LGHQWLILFDWLRQDQGLWVHIIHFWLYHPHWKDQHH[SORVLRQULVNPDQDJHPHQW$WWKHWLPHRIFRPSOHWLRQRIWKLV
SDSHU WKHPHQDQGPDWHULDOGULIWGHYHORSPHQWXVLQJ WKHVDPH7%0KDVEHHQ LQLWLDWHG ,QVXPPDU\
IROORZLQJFRQFOXVLRQVWKDWDUHDSSOLFDEOHWRDFRDOPLQHRURWKHUFLYLO7%0SURMHFWVLQPDQDJLQJWKH
H[SORVLRQULVNVKDYHEHHQPDGH
x )RU WKH ILUVW WLPH LQ WKH DSSOLFDWLRQ RI 7%0 GHYHORSPHQW LQ FRDO PLQHV WKH RSHUDWLRQDO
H[SHULHQFHKDVVXJJHVWHGWKDWPHWKDQHDQGRWKHUVSRQWDQHRXVFRPEXVWLRQJDVHVZLOOFRQWLQXH
WREHSUHVHQWDVSRWHQWLDOH[SORVLRQKD]DUGV
x 7KHFKHPLFDOVXVHG LQ WKHPXFNPDQDJHPHQWDQGVWDELOLW\RI WKH(3%7%0IDFHDUHDPD\
DOVRJHQHUDWHOHYHOVRIVSRQWDQHRXVFRPEXVWLRQLQGLFDWRUJDVHVDWHOHYDWHGPXFNWHPSHUDWXUHV
VXJJHVWLQJWKDWPDLQWDLQLQJDORZPXFNWHPSHUDWXUHZRXOGEHEHQHILFLDOLQPDQDJLQJKDUPIXO
JDVJHQHUDWLRQ
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x $SSOLFDWLRQ RI FRQWLQXRXV QLWURJHQ LQHUWLVDWLRQ DV VSRQWDQHRXV FRPEXVWLRQ DQG H[SORVLRQ
PDQDJHPHQWZDV VXFFHVVIXO LQPDQDJLQJ WKHH[SORVLYHJDVHVSUHVHQW DW WKH(3%7%0IDFH
DUHD
x &RQWLQXRXV PRQLWRULQJ DQG PDLQWDLQLQJ D ZHOOHVWDEOLVKHG JDV EDJ VDPSOH UHJLPH DQG
FRQWUROVLQFOXGLQJWKH7$53VIRUYDULRXVJDVHVDQGYHQWLODWLRQFRQWUROVPXVWEHFRQWLQXHGLQ
PDQDJLQJWKHSRWHQWLDOH[SORVLRQULVNV
x &RQVLGHULQJ WKH UHFRUGHG  IDWDOLWLHV LQ WKH ODVW  \HDUV GXH WR JDV H[SORVLRQV LQ WKH
WXQQHOOLQJ LQGXVWU\ FLYLO HQJLQHHULQJ WXQQHOOLQJ SURMHFWVPXVW DSSO\4OG1(5=(5(5=
H[SORVLRQULVN]RQLQJKD]DUGPRQLWRULQJSUDFWLFHVXVLQJFRQWLQXRXVPRQLWRULQJV\VWHPVEDJ
VDPSOHUHJLPHDQGWKHXVHRI7$53VIRUULVNPDQDJHPHQWDQGWKHXVHRIQLWURJHQLQHUWLVDWLRQ
WRPDLQWDLQLQHUWDWPRVSKHUHLQWKH7%0IDFHDUHD
x (QVXULQJ UHOHYDQW RSHUDWRU VNLOOV ZLWK DGHTXDWH FRDO PLQH YHQWLODWLRQ JDV DQG KHDW
PDQDJHPHQWH[SHULHQFHLVYDOXDEOHIRUWKHJOREDO7%0LQGXVWU\LQHOLPLQDWLQJH[SORVLRQULVNV
LQWKHIXWXUH7%0SURMHFWV
$FNQRZOHGJHPHQWV
 7KH DXWKRUV DUH LQGHEWHG WR YDULRXV SHRSOHZKR KDYH DVVLVWHG LQ GDWD FROOHFWLRQ DSSOLFDWLRQ RI
FRQWUROVGXULQJWKHFRQYH\RUGULIW7%0DSSOLFDWLRQ$XWKRUVDUHDOVRJUDWHIXOWR$QJOR$PHULFDQIRU
SXEOLFDWLRQRIWKLVVDIHW\NQRZOHGJHVKDUHDQGWHFKQLFDOUHYLHZHUV$XVWUDOLD6RXWK$IULFDDQG86$
IRUWKHLUFRQVWUXFWLYHFULWLFLVPVWRLPSURYHWKHTXDOLW\RIWKLVVXEPLVVLRQ
5HIHUHQFHV
 $QJOR$PHULFDQ,QWHUQDO7%0$SSOLFDWLRQ'RFXPHQW
 %HOOH%/RV%URQFHV6DIHW\5LVN5HYLHZ$QJOR$PHULFDQSOF
 %HOOH% DQG%LIIL0&RROLQJSDWKZD\VIRUGHHS$XVWUDOLDQ ORQJZDOOFRDOPLQHVRI WKH IXWXUH0LQH9HQWLODWLRQ
&RQIHUHQFH3URFHHGLQJV$GHODLGH$XVWUDOLDSS
 %HOOH %  8QGHUJURXQG 0LQH 9HQWLODWLRQ $LU 0HWKDQH 9$0 0RQLWRULQJ ± $Q $XVWUDOLDQ -RXUQH\ WRZDUGV
DFKLHYLQJµDFFXUDF\¶3URFHHGLQJVRIWKH&RDO2SHUDWRU¶V&RQIHUHQFH:ROORQJRQJ$XVWUDOLD
 %UDG\'*URVYHQRU7$537ULJJHU5HYLHZ5HSRUW$QJOR$PHULFDQ,QWHUQDO'RFXPHQW$XVWUDOLD
 %UR[ '  7HFKQLFDO FRQVLGHUDWLRQV IRU 7%0 WXQQHOLQJ IRUPLQLQJ SURMHFWV 6RFLHW\ IRU0LQLQJ0HWDOOXUJ\ DQG
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